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Abstract 

The /^-differential production cross sections of the prompt (B feed-down subtracted) charmed mesons 
D°, D + , and D* + in the rapidity range |y| < 0.5, and for transverse momentum 1 < p t < 12 GeV/c, 
were measured in proton-proton collisions at y/s = 2.76 TeV with the ALICE detector at the Large 
Hadron Collider. The analysis exploited the hadronic decays D° — > K~n + , D + — > K~n + n + , D* + — ^ 
D°7T + , and their charge conjugates, and was performed on a Jz?j nt = 1.1 nb~' event sample collected 
in 201 1 with a minimum-bias trigger. The total charm production cross section at s/s = 2.76 TeV and 
at 7 TeV was evaluated by extrapolating to the full phase space the ^-differential production cross 
sections at y/s = 2.76 TeV and our previous measurements at y/s = 7 TeV. The results were com- 
pared to existing measurements and to perturbative-QCD calculations. The fraction of cd D mesons 
produced in a vector state was also determined. 



*See Appendix lAlfor the list of collaboration members 
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1 Introduction 

The measurement of charm and beauty production cross sections in proton-proton (pp) collisions at the 
Large Hadron Collider (LHC) constitutes an important test of perturbative Quantum Chromo-Dynamic 
(pQCD) calculations at the highest available collider energies. These calculations use the factorization 
approach to describe heavy-flavour hadron production as a convolution of three terms: the partem dis- 
tribution function, the hard parton scattering cross section and the fragmentation function. The parton 
distribution function describes the initial distribution of quarks and gluons from the colliding protons. 
The hard parton scattering cross section is calculated as a perturbative series in the coupling constant of 
strong interaction. The fragmentation function parametrizes the relative production yield and momentum 
distribution for a heavy quark that hadronizes to particular hadron species. The production cross section 
of beauty hadrons at Tevatron (y/s = 1.96 TeV) [TJ421 and at the LHC (y/s = 7 TeV) gj[5j is well de- 
scribed by perturbative calculations at next-to-leading order (e.g. GM-VFNS O) or at fixed order with 
next-to-leading-log resummation (FONLL 0). The production cross section of charmed hadrons at 
Tevatron lISTfTOl and at the LHC lfTTT - fl"3l . as well as the RHIC heavy-flavour decay lepton measurements 
at yfs = 200 GeV II141I15II . are also well reproduced within the uncertainties of the pQCD calculations. 
However, the overall comparison suggests that the calculation, as obtained with its central parameters, 
underestimates charm production. The measurement of charm production as a function of the centre-of- 
mass energy therefore provides an interesting probe of pQCD . The relative abundances of open charmed 
hadrons also test the statistical hadronization scenario lfl6l of charm quarks into hadrons, which then 
should be independent of the collision system and energy. Finally, heavy quarks provide a unique probe 
for studies of the properties of the QCD matter created in Pb-Pb collisions at unprecedented high ener- 
gies at the LHC (see e.g. II17II18I0 . Heavy-quark production rates in pp collisions provide the necessary 
baseline for such studies and motivates the measurement reported in this paper. 

We present the measurement of the production cross section of the prompt (B feed-down subtracted) 
charmed mesons D°, D + , and D* + , in pp collisions at y/s = 2.76 TeV in \y\ < 0.5, reconstructed in the 
range 2 < p t < 12 GeV/c (1 < p t < 12 GeV/c for the D°) with the ALICE experiment ED- The appara- 
tus is described in section |2j along with the data sample used for the measurement. The D meson analysis 
(reconstruction, signal extraction, corrections, systematic uncertainties) is presented in section [3] The p t - 
differential cross sections are reported in section 2] and are compared to theoretical QCD calculations 
and to the ALICE measurements at y/s = 7 TeV IfTTI scaled to yfs = 2.76 TeV by a pQCD-driven scal- 
ing |[20l . In section [5] the visible cross sections at yfs = 2.76 TeV and yfs = 7 TeV are extrapolated 
to the full phase space to calculate the fraction of cd D mesons produced in a vector state and the total 
cc production cross section at these two energies. The results are compared with existing measurements 
and predictions. 

2 Experimental apparatus and data sample 

The D mesons are reconstructed in the central rapidity region using the central barrel detectors of the 
ALICE experiment. In the following, the detectors utilized for the D meson analysis are discussed. 
A detailed description of the ALICE apparatus is given in Ref. ED- The central barrel detectors are 
contained in a large solenoidal magnet, which provides a magnetic field of 0.5 T along the beam direction. 
The closest detector to the beam axis (z) is the Inner Tracking System (ITS). It is made of six cylindrical 
layers of silicon detectors with radii between 3.9 and 43.0 cm. The two innermost layers, with radii 
3.9 cm (0.9 cm from the beam vacuum tube) and 7.6 cm, are equipped with Silicon Pixel Detectors 
(SPD). The two intermediate layers (at radii of 15.0 and 23.9 cm) are made of Silicon Drift Detectors 
(SDD). Finally the two outermost layers are equipped with Silicon Strip Detectors (SSD) and are located 
at radii of 38.0 and 43.0 cm. The total material budget of the ITS is on average 7.7% of a radiation 
length for charged particles crossing the ITS perpendicularly to the detector surfaces (t] = 0) EEETI. 
The experiment's low magnetic field allows to track low p t hadrons (about 80 MeV/c for pions). In the 
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present analysis, the main role of the ITS was to resolve the topology of the hadronic decays of the D 
mesons by identifying the secondary vertex of the decay. A particularity of the data sample collected in 
pp collisions at y/s = 2.76 TeV was that, in order to collect a higher statistics data sample, minimum- 
bias events were triggered independently of the SDD read-out state. This resulted in a fraction of events 
missing the SDD information. To have a homogeneously reconstructed sample of tracks, the SDD points 
were always excluded from the track reconstruction used for this analysis. 

The ITS is surrounded by a 510 cm long cylindrical Time Projection Chamber (TPC) that covers |rj | < 
0.9 ll22l . It provides track reconstruction with up to 159 points along the trajectory of a charged particle, 
as well as particle identification via specific energy deposit AE /Ax. The Time-Of-Flight (TOF) detec- 
tor, based on Multi-gap Resistive Plate Chambers (MRPCs), is positioned in the region between 377 to 
399 cm from the beam axis and covers \r\ \ < 0.9 and full azimuth. In this analysis, the TOF comple- 
mented the hadron identification capability of the TPC, ensuring an efficient track by track kaon/pion 
separation up to a momentum of about 1.5 GeV/c. With the present level of calibration, the intrinsic 
timing resolution was better than 100 ps. The overall TOF resolution including the uncertainty on the 
start time of the event, which is the time at which the collision took place, and the tracking and momen- 
tum resolution contributions, was, on average, around 150 ps 11231 . The event start time information was 
provided by the TO detector. It is formed by two arrays of 12 Cherenkov counters each, one located at 
-3.28 < T] < -2.97, at 72.7 cm from the interaction point (IP), and the other at 4.61 < T] < 4.92, at 
375 cm from the IP lfl9l . The event start time information was also estimated using the particle arrival 
times at the TOF detector. This was particularly useful for the events in which the TO signal was not 
present. For the events where the number of tracks was not sufficient to apply this method, and, at the 
same time, there was no information from the TO detector, the bunch-crossing time from the LHC was 
used as the event start time. 

Minimum-bias collisions were triggered by requiring at least one hit in either of the VZERO scintillator 
hodoscopes (one located at z = 328 cm covering 2.8 < v\ < 5.1, and the other at z = —86 cm covering 
—3.7 < r\ < —1.7) or in the SPD (\r]\ < 2), in coincidence with the arrival of proton bunches from both 
sides of the interaction region. This trigger configuration was estimated to be sensitive to about 87% 
of the pp inelastic cross section Il24l . PYTHIA 6.4.21 ESI Monte Carlo simulations (with Perugia-0 
tune ll26l ). using GEANT3 |[28l and including the description of the detector geometry, material and 
response, confirmed that this minimum-bias trigger is 100% efficient for D mesons with p t > 1 GeV/c 
and \y\ < 0.5. Contamination from beam-induced background interactions was rejected offline using the 
timing information from the VZERO detector and the correlation between the number of hits and track 
segments (tracklets) in the SPD detector. The probability of collision pile-up per triggered event was kept 
below 2.5% by limiting the instantaneous luminosity in the ALICE experiment to 4.9 x 10 cm 2 s _1 . 
The pile-up events were tagged as those where two interaction vertices, separated by more than 8 mm, 
and having at least 3 associated tracklets (hit pairs in the two layers of the SPD), were found. The 
remaining pile-up events, less than four per mille, were negligible in the present analysis. The Gaussian 
r.m.s. of the interaction region was measured to be a x « a y 100 /im and a- « 5.5 cm from the 
distribution of the interaction vertices reconstructed with the charged particles tracked in the central 
detectors. The resolution of the primary vertex position depends on the charged particle multiplicity 
(dA^ch/dT]). It ranges within 100 jltm, for dA^h/df] < 5, and 20 ^tm, for d^h/dT] ~ 30. Only events 
with no pile-up and a reconstructed vertex within \z\ < 10 cm from the centre of the detector were kept, 
resulting in 58 M events analyzed, corresponding to an integrated luminosity J^„? = LI nb _1 . The 
integrated luminosity was evaluated as ^£[ nt = -/Vpp.MB/Cpp^B, where A^mb and a pp jviB are the number 
and cross section of pp collisions passing the minimum-bias trigger condition. The value of a PPj MB = 
54.8 mb was determined from the measurement of the pp collisions that gave signals in both sides of the 
VZERO scintillator detector using a van der Meer scan (Op Pi vzero-and) EH. The normalization factor, 
Cpp.vzERO-AND/Cpp.MB ~ 0.87, was found to be stable within 1% in the data sample. The systematic 
uncertainty of 1.9% was assigned upon considering the uncertainties on the beam intensities and on the 
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analysis procedure. 

3 D meson analysis 

3.1 D meson reconstruction and selection 

The study of charm production was performed by reconstructing D°, D + , and D* + charmed hadrons 
via their hadronic decays D° -> K~7C + (BR of 3.87 ±0.05% (29l), D+ -> K-n + n + (BR of 9.13 ± 
0.19% (291, including the resonant channels via a K*°), and D*+(2010) -> D°7r+ (BR of 67.7 ±0.5% 
with D° — > K~7t + , and their charge conjugates. The decays of D° and D + are weak processes with mean 
proper decay lengths c% 123 and 312 fim. Their secondary decay vertices are then typically displaced 
by a few hundred from the primary interaction vertex. The analysis strategy for the D° and D + 
was based on the reconstruction and selection of secondary vertex topologies with significant separation 
from the primary vertex. The topological reconstruction of the decay allowed for an efficient rejection 
of the combinatorial background from uncorrelated tracks. The identification of the charged kaon using 
the TPC and the TOF detectors provided additional background rejection in the low-momentum region. 
Finally, the signal was extracted by an invariant mass analysis of the candidate pairs and triplets. In the 
D* + case, since the decay proceeds via the strong interaction, it is not possible to resolve the secondary 
D* + vertex. The analysis exploited the topological selection criteria applied in the D° meson analysis. 
The D* + signal was observed calculating the invariant-mass difference Am = m D *+ — m D o between the 
reconstructed D* + and the decay D°, as a narrow peak at Am ps 145.4 MeV/c 2 close to the threshold 
and thus in a rather low combinatorial background region. Furthermore, the resolution in Am is mostly 
defined by the pion momentum resolution. 

The procedure for the track reconstruction in the ALICE central detectors is explained in Ref. [19]. The 
details concerning D meson decay tracks reconstruction are described in Ref. ITTTI . Secondary vertices of 
D° and D + meson candidates were reconstructed, with the same algorithm used to compute the primaiy 
vertex, from tracks having |t]| < 0.8, p t > 0.3 GeV/c. Tracks were also required to have at least 70 
space points (out of a maximum of 159) and # 2 /ndf < 2 in the TPC, and at least one hit in either 
of the two layers of the SPD. Only tracks compatible with a kaon or a pion were kept. The particle 
identification criteria consisted in a 3a compatibility cut between the measured and expected signals, 
using the specific energy deposit and the time-of-flight from the TPC and TOF detectors, respectively. 
This conservative strategy was aimed at keeping ~ 100% of the signal (see Sec. I3.2I ). Exception was 
done for D° with p t < 2 GeV/c, where stricter requirements for the decay kaon identification in either the 
TPC or the TOF detectors were considered. These requirements were dependent on the track momentum. 
Tracks with no associated signal in the TOF detector were identified using only the TPC information. 
Tracks with contradictory responses from the TPC and TOF detectors were considered as unidentified 
and included in the analysis as compatible with both a pion and a kaon. The pions from the D* + candidate 
decay were required to have a minimum transverse momentum of 100 MeV/c and a minimum of 3 (out 
of 4) associated clusters in the ITS, in addition to the TPC quality criteria mentioned above. Particle 
identification was not applied to pion tracks from the D* + candidate decay. 

The topological selection criteria considered for the three mesons are described in the following. The 
selection values are p t dependent and were adjusted to optimize the statistical significance of the signal, 
while keeping the selection efficiency increasing with p t . For illustration, the selection values applied 
for D° and D + mesons at low p u and typical values for the D* + selection, are explained in the next 
paragraphs. 

D° mesons were reconstructed from combinations of two tracks with a minimum transverse momentum 
of 0.4 GeV/c. The two tracks impact parameter (distance of closest approach of the track to the pri- 
mary interaction vertex, do) significance in the bending plane (r<p) was of \do\/<Jd Q > 0.5, and the two 
track distance of their closest approach was smaller than 300 /im. Only the candidates associated with 
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secondary vertices with a minimum displacement of 100 jira from the primary vertex were retained. In 
addition, the cosine of the angle (6*) between the kaon momentum in the D° rest frame and the D° boost 
direction was required to be | cos 6* | < 0.8, the product of the D° decay track impact parameters was set 
to cIq x cIq < —(250 jltm) 2 , and the angle (0 po i n ting) between the D° reconstructed momentum and its 
flight line (vector between the primary and secondary vertices) was constrained by cos po i n ting > 0.8. 

The D + meson topological selection was similar to the one of the D°. This being a three body decay, 
a looser cut on the p t of the decay tracks of 0.3 GeV/c was applied. The topological selection of the 
candidates was tighter than for the D° in order to deal with the large combinatorial background. The 
main selection variables were: decay length larger than 800 /J.m, cos po inting > 0.92 and the sum of the 
square of the decay track impact parameters L d\ > (500/xm) 2 . 

The D* + candidates were reconstructed by applying kinematical selections on the final decay products 
and on the topology of the D° decay. The D° decay candidates were selected from pairs of tracks with 
similar criteria to that applied for the D° analysis and described above. The selection values vary in 
the D* + candidates p t interval. In particular, the angle between the D° reconstructed momentum and its 
flight line was kept to cos po i n ting > 0.9 for candidates with D* + p t < 4 GeV/c while it was released to 
0.7 for higher p t profiting from the low combinatorial background. A typical value of the product of the 
track impact parameters was d^ x d§ < —(60 /im) 2 . 

After the D°, D + , and D* + candidates were reconstructed with the above kinematical and topological 
cuts and particle identification criteria, a fiducial acceptance cut \yu\ < Jfid(Pt) was applied, with vm 
increasing with a polynomial form from 0.5 to 0.8 in < p t < 5 GeV/c and y>M = 0.8 above 5 GeV/c. 
The D°, D + , and D* + raw yields for particle plus anti-particle are summarized in Table \T\ for each 
p t interval. They were obtained by fitting the invariant-mass distribution with a Gaussian distribution 
to describe the signal and an ad-hoc function for the background (see Fig. \Q. For the D° and D + , the 
background was reproduced by an exponential function, while for D* + the convolution of the exponential 
with a threshold function was used. The D meson peak width was measured to be 10-20 MeV/c 2 for 
D° and D + , and 600-900 KeV/c 2 for D* + mesons, increasing with transverse momentum. These widths 
reflect the 1-2% momentum resolution for the decay tracks in the relevant p t range. 

Table 1: Measured D°, D + , and D* + raw counts and their charge conjugates in pp collisions at ^fs = 2.76 TeV 
per p t interval with an integrated luminosity J2?i nt = 1.1 nb~'. The systematic uncertainty estimate is described in 
section l3?2l 



p t interval N mw ± stat. ± syst. 

(GeV/c) D° + D° D+ + D D*+ + D*~ 

1- 2 48 ± 18 ± 7 - - 

2- 4 201 ±32 ± 30 98 ± 24 ± 10 53 ±15 ±7 
4-6 116 ±19 ±17 123 ±23 ± 12 50 ± 9 ± 6 
6-8 74 ±19 ±11 62 ±16 ±6 30 ± 6 ± 2 
8-12 38 ±11 ±6 30 ±9±5 23 ±7±2 



3.2 Corrections and systematic uncertainties 

The production cross sections of prompt charmed mesons were calculated as (e.g. for D + ): 



da L 



dpt 



1 1 



/prompt(pt)-^ D±raW (A; 



y\<ym(pt) 



\y\<0.5 



2 AyAp t (Acc x e) pmmp t(p t ) ■ BR • £? int 



(1) 



The raw yields, N D raw (p t ), listed in Tableffl were corrected for the B feed-down contribution, f pmmp t(pt), 
the fiducial acceptance, Ay = 2yfid, and the experimental acceptance and reconstruction efficiency, (Acc x 
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Figure 1: Invariant-mass spectrum of D° + D° (left) and D + + D (centre) candidates, and invariant-mass differ- 
ence, Am = niKKK — mKK, for D* + + D* candidates (right) in pp collisions at ^fs = 2.76 TeV. 

£)prompt(/?t) shown in Fig. [2] The rapidity acceptance correction, using the factor 2yM, assumes that 
the rapidity distribution of D mesons is uniform in the range |y| < y>M- This assumption was verified 
using the PYTHIA 6.4.21 (23 event generator with Perugia-0 tune OH and the FONLL pQCD calcula- 
tion (7]|27l. Both calculations generate a D meson yield that is uniform within 1% in the range \y\ < 0.8. 
The efficiencies were calculated from a Monte Carlo simulation using the PYTHIA 6.4.21 event 
generator with the Perugia-0 tune If26l and GEANT3 ESI . The LHC beam conditions and the apparatus 
configuration (inactive channels, noise, calibration, alignment) were considered taking into account their 
evolution with time. The acceptance correction was evaluated to account for the fiducial rapidity cut, y^. 
A fraction of the reconstructed D mesons comes from B meson decays. Since these are characterized 
by a relatively long life time (B meson ct » 460^190 jltm |[29l ). the decay tracks of D mesons from 
B decays are further displaced from the primary vertex, and the selection criteria enhance their relative 
contribution to the raw yields. Their contribution was evaluated using FONLL pQCD calculations 1711271 
of the beauty production cross section and the B — > D decay kinematics from the EvtGen package 11301 . 
with the procedure described in Ref. [IT], and was subtracted from the raw yields. The prompt fraction, 
/prompt* ranges within 88% to 98% depending on the D meson and p t interval. These FONLL pQCD 
calculations were chosen since they reproduce the Tevatron [2 ] and LHC HUl measurements discussed 
above. The corrected yields were then divided by a factor of two to obtain the averaged yield of the D 
mesons and their charge conjugates. They were finally normalized by their decay branching ratio, BR, 
and the sample integrated luminosity «£f mt = 1.1 nb^ 1 Il24ll . 

The systematic uncertainties are summarized in Table |2] for the lowest and highest p t interval for each 
meson species. The systematic uncertainties from the yield extraction were determined, in each p t in- 
terval, by studying the yield variation as obtained with a different background fit function (exponential, 
polynomial, linear) and by counting the signal in the candidates invariant mass range (±3a) after sub- 
tracting the background (evaluated by fitting the distribution side bands). The yield extraction systematic 
uncertainties were set to one half of the full spread of the yield variation in each p t interval. The un- 
certainty on the single track efficiency was evaluated to be 5% (per track), by taking into account the 
influence of the track finding in the TPC, the prolongation from the TPC to ITS, and the track quality 
criteria. This was estimated by comparing the relative variation of the efficiency in data and simulations 
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Figure 2: Acceptance x efficiency x2yfid f° r D° (left), D + (centre) and D* + (left) as a function of p t , where 2y^ 
is the fiducial acceptance (see text). 



and by varying the track selection criteria. This track efficiency uncertainty results into an uncertainty of 
10% for the two-body decay of D° mesons and of 15% for the three-body decay of D + and D* + mesons. 
The influence of the analysis cuts amounts to about 15%, and accounts for possible discrepancies of the 
D meson selection variables in data and simulations. The distributions of these variables in data, dom- 
inated by background candidates, and in simulations were compared and found to be compatible. The 
uncertainty was estimated by repeating the analysis with different sets of cuts and set to one half of the 
spread of the corrected yields. The uncertainty associated to the particle identification (PID) selections 
was studied by comparing the corrected invariant yields with and without PID. As the p t bins used in 
this analysis are finite and the transverse momentum distribution of the candidates is steep, the Monte 
Carlo p t shape could influence the acceptance and efficiency corrections per p t bin. These corrections 
were computed with different p t shapes (PYTHIA, FONLL, flat p t ) and their influence was found to be 
3% for D meson with p t < 2 GeV/c, and of 1% for larger p t . The particle and anti-particle yields were 
evaluated independently per p t bin and found to be in agreement within statistical uncertainties (of about 
30% for the D° analysis). The systematic uncertainty on the subtraction of the B feed-down contribu- 
tion, explained in detail in Ref. ifTTl . accounts for the full variation of this correction considering either 
only the FONLL B feed-down prediction or the ratio of the prompt and B feed-down calculations, and 
includes the uncertainties of the theoretical calculations. Finally, the uncertainties of the correction for 
the D meson decay branching ratio (BR) and the luminosity (overall normalization) were evaluated as 
described above, and are presented in Table |2] 

Table 2: Summary of relative systematic uncertainties for given p t intervals for each meson species. 
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4 D meson cross section at y/s = 2.76 TeV 

The prompt D , D + , and D* + mesons /^-differential cross sections were derived from the raw yields as 
described in section 13.21 The global systematic uncertainties were evaluated summing in quadrature the 
various uncertainty sources explained in section I3T21 and reported in Table [2] The results are summarized 
in Table [3] and shown in Fig. [3] The top panels of the figures present the measurement together with 
the FONLL 0|27l and the GM-VFNS ©ED theoretical predictions, while the bottom panels represent 
the ratio of the measured cross section and the calculations. Both calculations use the CTEQ 6.6 parton 
distribution functions (PDFs) 11321 . and vary the factorization and renormalization scales, jUp and ;Ur, 
around their central values of /ip = Mr = ni t in the ranges 0.5 < /lF/Vn t < 2, 0.5 < /iR/m t < 2, with the 
constraint 0.5 < /If/Mr < 2, where ra t = y p t 2 + ra 2 . The FONLL calculation varies the charm quark 
mass within 1.3 < ra c < 1.7 GeV/c 2 while GM-VFNS assumes m c = 1.5 GeV/c 2 . The FONLL and 
GM-VFNS theoretical predictions are compatible with the measurements within the experimental and 
theoretical uncertainties. Nevertheless, it can be noted that the central prediction of FONLL tends to 
underestimate charm production whereas the central GM-VFNS calculation seems to overestimate it, as 
seen in the lower panels of Fig. [3] This behaviour is in accordance with our results on the prompt D°, 
D + , and D* + mesons /^-differential cross sections at y/s = 7 TeV ifTTIl . 

The visible cross sections of prompt D mesons (<7^ s ), i.e. the /> t -integrated production cross sections in 
the rapidity range \y\ < 0.5, where the measurement was performed, are reported in Table|4]for both the 
present result at y/s = 2.76 TeV and for y/s = 7 TeV ifTTI . 
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Figure 3: Top : /^-differential cross section for prompt D°, D + , and D* + mesons in pp collisions at y/s = 2.76 TeV 
compared with FONLL |7]|27j and GM-VFNS J6][3T] theoretical predictions. Bottom: the ratio of the measured 
cross section and the central FONLL and GM-VFNS calculations. 



The measurements in pp collisions y/s = 2.76 TeV described here provide a baseline for the studies of 
the QCD matter created in Pb-Pb collisions at the same centre-of-mass energy Il33l . However, since the 
statistics is limited and does not allow a comparison with the Pb-Pb measurements for every p t inter- 
val, the reference used for comparisons of the Pb-Pb and pp yields was obtained from a pQCD-based 
(FONLL) energy scaling of the 7 TeV /^-differential cross sections to 2.76 TeV |[TTll20l . The scaling 
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Table 3: Production cross section in \y\ < 0.5 for prompt D°, D + , and D* + mesons in pp collisions at 
y/s = 2.76 TeV, in transverse momentum intervals. The branching ratio uncertainty and the uncertainty in the 
normalization of 1 .9% are not included in the systematic uncertainties reported in this table. 



p t interval (GeV/c) 



1- 2 

2- 4 



8-12 



da/dp t ± stat. ± syst. (/xb / GeV/c) 
D° D+ D*+ 



207 ± 84 ; 
44.1 ±7.7 

8.4 ± 1.5 



1.75 ± 0.50 toil 



103 
+ 11 

-14 
+2.2 
-2.3 



0.44 ± 0.15 tg;}} 0.27 ±0.09 



18.0 ±4.6 
3.82 ± 0.77 t° 9 9 i 
0.93 ± 0.26 toil 

-0.06 
-0.07 



23.2 ± 6.9 t 6 6 ° 5 



4.90 ± 0.95 
1.00 ± 0.26 



-1.22 
-1.26 
-0.20 
-0.20 



0.22± 0.07 tom 



factor was evaluated from the ratio of the theoretical cross sections at these energies and the uncertainties 
were determined by the envelope of the scaling factors obtained by varying the calculation parameters 
(m c , jJ.p and /Ir) as described above. The 2.76 TeV p t -differential cross sections and the results of the 
energy scaling are shown in Fig.HJ where the 7 TeV measurements were rebinned to match the 2.76 TeV 
;? t -binning. The agreement is remarkable in all p t bins. The results are compatible within statistical 
uncertainties only, and their central values coincide within 5-10% in almost all p t bins, confirming the 
stability and appropriateness of the energy scaling procedure. 
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Figure 4: Top : /^-differential cross section for prompt D°, D + , and D* + mesons in pp collisions at y/s = 2.76 TeV 
compared with the scaling of the ALICE measurement at s/s = 7 TeV. Bottom : Ratio of the y/s = 2.76 TeV cross 
section and the s/s = 7 TeV measurement scaling, where the filled boxes represent the scaling uncertainties and 
the empty boxes the measurement systematics. 



5 Total charm cross section 

The measured cross sections were extrapolated to the full phase space by scaling the measured cross 
section by the ratio of the total cross section over the cross section in the experimentally covered phase 
space calculated with the FONLL central parameters. Here the visible cross sections for p t > 1 GeV/c 
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and \y\ < 0.5 were considered for pp collisions at 7 and 2.76 TeV (see Table|4]). Systematic uncertainties 
of the calculation were estimated varying the renormalization (jUr) and factorization (jUp) scale variables, 
and the charm quark mass (m c ) as described in the previous section. Uncertainties in the parton distri- 
bution functions were estimated using the CTEQ6.6 021 PDF uncertainties eigenvectors and adding the 
largest positive and negative variation in quadrature. 

The total charm production cross section was estimated for each species of D meson separately by di- 
viding the total D meson production cross section by the relative production yield for a charm quark 
hadronizing to a particular species of D meson, that is the fragmentation fractions (FF) of 0.557 ± 0.023 
for D°, 0.226 ± 0.010 for D+, and 0.238 ± 0.007 for D*+ (29|. The measured yields are consistent with 
these ratios, as can be seen in Table [5] We then calculated the weighted average of the total charm 
production cross section from the extrapolated values for D°, D + , and D* + . 

Table 4: Visible production cross sections of prompt D mesons, C7^ s (|y| < 0.5) in pp collisions at y/s = 2.76 
and 7 TeV. The normalization systematic uncertainty of 1.9% (3.5%) at y/s = 2.76 (7) TeV and the decay BR 
uncertainties are not quoted here. 

Meson y/s (TeV) p t interval (GeV/c) a^ s ± stat. ± syst. (/lb) 

~m 

-120 
+10 
-12 
+ 13 
-14 
+55 
-140 
+42 
-73 
+30 
-67 



D° 


2.76 


1-12 


317 ±85 


D+ 


2.76 


2-12 


47 ± 9 


D*+ 


2.76 


2-12 


59 ± 14 


D° 


7 


1-16 


412 ±33 


D+ 


7 


1-24 


198 ± 24 


D*+ 


7 


1-24 


203 ± 23 



Table 5: Production cross sections da D /dy (jj.b) of D mesons, integrated over all p t for \y\ < 0.5. 



Meson y/s (TeV) da D /dy stat. syst. lum. BR extr. 



D° 


2.76 


428 


±115 


+98 

-163 


±8 


±6 


+ 151 

-20 


D+ 


2.76 


127 


±26 


+28 
-31 


±2 


±3 


+38 
-23 


D*+ 


2.76 


148 


±35 


+33 
-36 


±3 


±2 


+42 

-23 


D° 


7 


516 


±41 


+69 
-175 


±18 


±7 


+ 120 

-37 


D+ 


7 


248 


±30 


+52 
-92 


±9 


±5 


+57 
-18 


D*+ 


7 


247 


±27 


+36 
-81 


±9 


±4 


+57 
-16 



Table 6: Total production cross sections <7 t Q t (mb) of D mesons, extrapolated to the full phase space. 

Meson y/s (TeV) o^ t stat. syst. lum. BR extr. 

~TP 2/76 3T3 ±0.84 +^ ±0.06 ±0.04 /^f 4 

D+ 2.76 0.93 ±0.19 +^ ±0.02 ±0.02 

D*+ 2.76 1.08 ±0.25 ±° f 6 ±0.02 ±0.02 + f 

D° 7 4.42 ±0.35 + Y f ±0.15 ±0.06 1^.59 

D+ 7 2.12 ±0.26 t° jl ±0.07 ±0.04 

D*+ 7 2.11 ±0.24 t°of ±0.07 ±0.03 +^ 



The extrapolated cross sections for D mesons are given in Tables [5] and [6] with uncertainties resulting 
from the yield extraction (stat.), the quadratic sum of the experimental uncertainty in D-meson recon- 
struction and the uncertainty in subtracting the contribution of D mesons originating from beauty pro- 
duction (syst.), a 1.9% (3.5%) uncertainty in the absolute luminosity (lum.) at 2.76 TeV (7 TeV), the 
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uncertainty in the branching ratios (BR), and the uncertainty due to extrapolation to the full phase space 
(extr.). 

The ratio, P v , of cd D mesons produced in a vector state to those produced in a vector or a pseudoscalar 
state was calculated by taking the ratio of o® t to the sum of o® t and the part of a^ t not originating 
from D* + decays, 

p = g tot (D* + ) = q tot (D* + ) 

v Oto,(D*+) + Otot(D+) - a tot (D*+) • (1 - BR D *+^ D o 3r +) a tot (D+) + a tot (D*+) • BR^^o^ ' 

(2) 

The obtained values are: 

P v (2.76TeV) =0.65 ±0.10 (stat.) ±0.08(syst.) ± 0.010 (BR) j£gJJ (extr. ) , 
P v (7TeV) =0.59 ±0.06 (stat.) ±0.08(syst.) ± 0.010 (BR) +°;°°^ (extr. ) , 

where uncertainties due to the extrapolation into the full phase space and branching ratios are negligible. 
The values are compatible with the results from other experiments at different collision energies and for 
different colliding systems ll8l[TTl[T2ll34H37ll. as shown in Fig. (leftfl The weighted average of the 
experimental measurements reported in Ref. [38], with average 0.594 ±0.010, and of the LHC data ifTTl 
[121 shown in Fig. [5]is p* verage = 0.60 ±0.01 which is represented by a solid yellow vertical band in the 
figure. 

The expectation from naive spin counting amounts to pSp incountin g = 3/ (3 H- 1 ) = 0.75, showing a devi- 
ation from the data. The argument of naive spin counting originates from heavy-quark effective theory 
assuming large enough heavy-quark masses, leading to a negligible effect due to the mass difference 
between D* + and D + . In the PYTHIA 6.4.21 lP25l event generator the value for P v is set by an input 

Pvthii 

parameter (PARJ(13)) with a default value of P v = 0.75. We note, that there is only one parameter 
defining the probability that a charm or heavier meson has spin 1. Calculations combining the Lund sym- 
metric fragmentation function with exact Clebsch-Gordan coefficient coupling from the virtual quark- 
antiquark pair to the final hadron state functions predicts p^ undtra 8 ~ rj.63 IT391 in good agreement with 
data. We note that in this model, due to the Clebsch-Gordan coefficient coupling, spin counting is au- 
tomatic while differences in the hadron mass are taken into account in the fragmentation function by an 
exponential term. On the other hand, in the Statistical Model 111611171 . the ratio of the total yields of the di- 
rectly formed charmed mesons D* + to D + , which have identical valence quark content, is expected to be 
3 • (m D *+ / m D + ) 2 • exp ( — (ra D *+ — mo+ ) fT ) ~ 1 .4 for a temperature parameter of T = 1 64 MeV, where the 
factor of three comes from spin counting. We calculate pStat. Model _ q.58 ± 0. 13 for T = 164 ± 10 MeV. 
Other implementations of the statistical model B01I4TI predict similar values of P v , ranging between 
0.55 and 0.64. These P v results are thus well described assuming either statistical hadronization of 
charm H16II171 or calculations considering the Lund symmetric fragmentation function |[39l . 

The weighted average of the total charm production cross section was calculated from the sum of the 
total production cross section for D° and D + divided by the sum of their fragmentation ratios and the 
total production cross section for D* + divided by its fragmentation ratio using the inverse of the squared 
statistical uncertainties as weights. The results are: 

(7^(2.76 TeV) = 4.8 ±0.8 (stat.) ±1;° (syst.) ±0.06 (BR) ±0.1 (FF.) ±0.1 (lum.)+^(extr.) mb, 
o-^ l (7TeV) = 8.5 ±0.5 (stat.) 1^ (syst.) ±0.1 (BR) ±0.2 (FF.) ± 0.3 (lum.)l^ (extr.) mb. 

The dependence of the total nucleon-nucleon charm production cross section |[T^[T3ll42] - l44l on the col- 
lision energy is shown in Fig. [5] (right). The uncertainty boxes around the ATLAS |[L2l and ALICE ifTTTl 



1 The P,, value of Ref. (34) was corrected by the BR of Ref. [29] in Ref. (38). 
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CLEO (CESR, 1 0.55 GeV) — •— 
ALEPH (LEP, 91 .2 GeV) — •— 
CDF (Tevatron, 1 .96 TeV) — •— 

ALICE (LHC, 2.76 TeV) • 

ALICE (LHC, 7 TeV) ■ • ' 

ATLAS (LHC, 7 TeV) • 
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P v ' ' ^s(GeV) 

Figure 5: Left: The fraction P v of cd D mesons created in a vector state to vector and pseudoscalar prompt 
D mesons j!8 lTl fT2l [3414371 . The weighted average of the experimental measurements reported in Ref. Il38l and 
of the LHC data ifTTlfL?! shown in the figure is P v = 0.60 ±0.01, and is represented by a solid yellow vertical 
band. Right: Energy dependence of the total nucleon-nucleon charm production cross section H12lll3ll42H44l . In 
case of proton-nucleus (pA) or deuteron-nucleus (dA) collisions, the measured cross sections have been scaled 
down by the number of binary nucleon-nucleon collisions calculated in a Glauber model of the proton-nucleus 
or deuteron-nucleus collision geometry. The NLO MNR calculation |45] (and its uncertainties) is represented by 
solid (dashed) lines. 

points denote the extrapolation uncertainties alone, whilst the uncertainty bars are the overall uncertain- 
ties. Note that in case of proton-nucleus (pA) or deuteron-nucleus (dA) collisions, the measured cross 
sections have been scaled down by the number of binary nucleon-nucleon collisions calculated in a 
Glauber model of the proton-nucleus or the deuteron-nucleus collision geometry. At y/s = 7 TeV, our 
result and preliminary measurements by the ATLAS 1(121 and the LHCb Collaboration [13] are in fair 
agreement. The curves show the calculations at next-to-leading-order within the MNR framework B31 
together with its uncertainties using the same parameters (and parameter uncertainties) mentioned before 
for FONLL. The dependence on the collision energy is described by pQCD calculations. We observe 
that all data points populate the upper band of the theoretical prediction. 

6 Summary 

The measurement of the production of D mesons at mid-rapidity, \y\ < 0.5, in pp collisions at i/s = 
2.76 TeV from the hadronic decay channels D° — > K~n + , D+ — > K~7t + K + , and D* + — > D°7T + , and their 
charge conjugates, has been reported. The transverse momentum distributions are in agreement with 
pQCD calculations, even though the central prediction of FONLL 1711271 (GM-VFNS (6H3TJ) seems to 
underestimate (overestimate) charm production. The /^-differential cross sections are also in agreement 
with a rescaled reference computed from the cross section measured at a higher collision energy sfs = 

7 TeV with high statistics. The rescaling to the lower collision energy 1(201 was performed by applying 
the collision energy dependence as computed by FONLL calculations. These two measurements, taken 
together, validate the y^-scaling procedure and provide a reference for studying the QCD matter effects 
on charm quark production in Pb-Pb collisions at y/s = 2.76 TeV 1(331 . An extrapolation to the full 
phase space using the shape of the distributions from FONLL yields the total production cross section of 
cc pairs at LHC energies. The dependence on the collision energy is described by the pQCD expectations. 
The fraction of cd D mesons produced in a vector state is compatible with values from lower energies 



3 10 4 



10 ; 



10' 



10 



1 1 

ALICE (total una) 
| ALICE eatr. unc. 

ATLAS Preliminary (total unc.) 
| ATLAS extr. unc. 

LHCO Preliminary (total unc.) 

PHENIX 

STAR 

HERA-B (pA) 
E653 (pA) 
E743 (pA) 
NA27 (pA) 
NA16 (pA) 

E769 (pA) / 
■ NLO (MNR) /' 




14 



The ALICE Collaboration 



and different colliding systems. 



References 



• 



D. Acosta et al. [CDF Coll.], Phys. Rev. D71 032001 (2005). 
M. Cacciari et al, JHEP 0407 033 (2004). 
B. A. Kniehl et al, Phys. Rev. D77 014011 (2008). 
R. Aaij et al [LHCb Coll.], Phys. Lett. B694 209 (2010). 
V. Khachatryan et al [CMS Coll.], Eur. Phys. J. C71 1575 (2011). 

B. A. Kniehl et al, AIP Conf. Proc. 792:867-870 (2005), |arXiv:hep-ph/0507068 
B. A. Kniehl et al, Eur. Phys. J. C41 199, 199 (2005). 
M. Cacciari, M. Greco and P. Nason, JHEP 9805 007 (1998); 
M. Cacciari, S. Frixione, and P. Nason, JHEP 0103 006 (2001). 
D. Acosta et al [CDF Coll.], Phys. Rev. Lett. 91 241804 (2003). 
M. Cacciari and P. Nason, JHEP 0309 006 (2003). 
B. A. Kniehl et al, Phys. Rev. Lett. 96 012001 (2006). 

B. Abelev et al [ALICE Coll.], CERN-PH-EP-201 1-181, JHEP 01 128 (2012). 
ATLAS Coll., IATLAS-PHYS-PUB-201 1-012 (20TT)| | ATLAS -CONF-20 11-017 (2011) 



LHCb Coll., LHCb-CONF-2010-013 (2010). 



A. Adare et al [PHENIX Coll.], Phys. Rev. Lett. 97 252002 (2006). 

B. I. Abelev et al [STAR Coll.], Phys. Rev. Lett. 98 192301 (2007); 
W. Xie et al [STAR Coll.], PoS DIS2010 182 (2010). 

A. Andronic et al, Phys. Lett. B678 350 (2009). 

A. Andronic et al, Phys. Lett. B652 259 (2007). 

Y. L. Dokshitzer, D. E. Kharzeev, Phys. Lett. B519 199 (2001). 

K. Aamodt et al [ALICE Coll.], JINST 3 S08002 (2008). 

R. Averbeck, et a/., |arXiv: 1107.3243 (2011)] 

K. Aamodt et al [ALICE Coll.], JINST 5 P03003 (2010). 

J. Alme et al, Nucl. Instrum. Meth. A622 316 (2010). 

A. Akindinov et al, Nucl. Instrum. Meth. A615 37 (2010). 

K. Oyama [ALICE Coll.], J. Phys. G : Nucl. Part. Phys. 38 124131 (2011). 
T. Sjostrand, S. Mrenna, P. Skands, JHEP 05 026 (2006). 
P. Z. Skands. Exrv:0905.3418l ( , 2009). 

M. Cacciari, S. Frixione, N. Houdeau, M.L. Mangano, P. Nason, and G. Ridolfi, CERN-PH- 
TH/201 1-227 (201 l), |arXiv: 1205.6344 (2012)1 

R. Brun et al, CERN Program Library Long Write-up, W5013, GEANT Detector Description and 
Simulation Tool (1994). 

K. Nakamura et al [Particle Data Group], J. Phys. G37 075021 (2010), and 2011 partial update for 
the 2012 edition. 

D. Lange, Nucl. Instrum. Methods A462 152 (2001). 

B. A. Kniehl et al, DESY 12-013, MZ-TH/12-07, LPSC 12019. larXiv:1202.0439l (2012). 
P. M. Nadolsky et al, Phys. Rev. D78 013004 (2008). 

B. Abelev et al [ALICE Coll.], CERN-PH-EP-201 2-069. farXiv: 1203 .2 1601 (20 12). 
D. Bortoletto et al [CLEO Coll.], Phys. Rev. D 37 1719 (1988); 
D. Bortoletto et al [CLEO Coll.], Phys. Rev. D 39 1471 (1989); 



Measurement of charm production at central rapidity in proton-proton collisions at . 



15 



[35] ALEPH Coll., Eur. Phys. J. C16 597 (2000). 
[36] CDF Coll., [CDF Note 6623 (2003) | 

[37] M. Calderon de la Barca Sanchez, Eur. Phys. J. C 43 187 (2005). 
[38] A. David, Phys. Lett. B 644 224 (2007). 

[39] C. D. Buchanan and S. B. Chun, Phys, Rev. Lett. 59 1997 (1987). 

[40] F. Becattini, Z. Phys. C 69 485 (1996). 

[41] R. Rapp et al, Phys.Rev. D 67 074036 (2003). 

[42] C. Lourenco, H.K. Wohri, Phys. Rept. 433 127 (2006). 

[43] L. Adamczyk et al. [STAR Coll.], Phys.Rev. D 85 092010 (2012), |arXiy: 1204.4244 (2012) 
[44] A. Adare et al. [PHENIX Coll.], Phys. Rev. C 84 044905 (201 1). 
[45] M. Mangano, P. Nason, G. RidoM, Nucl. Phys. B 373 295 (1992). 

Acknowledgements 

The ALICE collaboration would like to thank all its engineers and technicians for their invaluable con- 
tributions to the construction of the experiment and the CERN accelerator teams for the outstanding 
performance of the LHC complex. The ALICE Collaboration would like to thank M. Cacciari and H. 
Spiesberger for providing the pQCD predictions that are compared to these data. The ALICE collabora- 
tion acknowledges the following funding agencies for their support in building and running the ALICE 
detector: Calouste Gulbenkian Foundation from Lisbon and Swiss Fonds Kidagan, Armenia; Conselho 
Nacional de Desenvolvimento Cientffico e Tecnologico (CNPq), Financiadora de Estudos e Projetos 
(FINEP), Fundacao de Amparo a Pesquisa do Estado de Sao Paulo (FAPESP); National Natural Science 
Foundation of China (NSFC), the Chinese Ministry of Education (CMOE) and the Ministry of Science 
and Technology of China (MSTC); Ministry of Education and Youth of the Czech Republic; Danish Nat- 
ural Science Research Council, the Carlsberg Foundation and the Danish National Research Foundation; 
The European Research Council under the European Community's Seventh Framework Programme; 
Helsinki Institute of Physics and the Academy of Finland; French CNRS-IN2P3, the 'Region Pays de 
Loire', 'Region Alsace', 'Region Auvergne' and CEA, France; German BMBF and the Helmholtz Asso- 
ciation; General Secretariat for Research and Technology, Ministry of Development, Greece; Hungarian 
OTKA and National Office for Research and Technology (NKTH); Department of Atomic Energy and 
Department of Science and Technology of the Government of India; Istituto Nazionale di Fisica Nu- 
cleare (INFN) of Italy; MEXT Grant-in-Aid for Specially Promoted Research, Japan; Joint Institute 
for Nuclear Research, Dubna; National Research Foundation of Korea (NRF); CONACYT, DGAPA, 
Mexico, ALFA-EC and the HELEN Program (High-Energy physics Latin-American-European Net- 
work); Stichting voor Fundamenteel Onderzoek der Materie (FOM) and the Nederlandse Organisatie 
voor Wetenschappelijk Onderzoek (NWO), Netherlands; Research Council of Norway (NFR); Polish 
Ministry of Science and Higher Education; National Authority for Scientific Research - NASR (Au- 
toritatea Nafionala pentru Cercetare §tiin{ifica - ANCS); Federal Agency of Science of the Ministry of 
Education and Science of Russian Federation, International Science and Technology Center, Russian 
Academy of Sciences, Russian Federal Agency of Atomic Energy, Russian Federal Agency for Sci- 
ence and Innovations and CERN-INTAS ; Ministry of Education of Slovakia; Department of Science and 
Technology, South Africa; CIEMAT, EELA, Ministerio de Educacion y Ciencia of Spain, Xunta de Gali- 
cia (Conselleria de Educacion), CEADEN, Cubaenergfa, Cuba, and IAEA (International Atomic Energy 
Agency); Swedish Research Council (VR) and Knut & Alice Wallenberg Foundation (KAW); Ukraine 
Ministry of Education and Science; United Kingdom Science and Technology Facilities Council (STFC); 
The United States Department of Energy, the United States National Science Foundation, the State of 
Texas, and the State of Ohio. 



16 



The ALICE Collaboration 



A The ALICE Collaboration 

B. Abele\M] J. AdanPO D. AdamovfEl A.M. AdanPD M.M. AggarwaPH, G. Aglieri Rinell<PD 

A.G. Agocfp] A. AgostmelliS] S. Aguilar Salazai^, Z. Ahammed^ A. Ahmad MasoodP} N. Ahmacp] 

S.A. A hrPp S.U. AhiJSMl a. Akindino\P] D. Aleksandro\P] B. AlessandrdS, R. Alfaro Molina^, 

A. Alici2U2J A. AlkirP, E. Almaraz Aviii£p] J. Alms^D T. A0\ V. AltinP} S. AltinpinaiEQ I. Altsybee\E2 

C. AndrePJ A. Andronicp] V. Anguelov^, J. AnielskP} C. AnsorP} T. AnticicP} F. AntinorP} 

P. AntoniolP} L. AphecetchsPZ] h. Appelshausei^] N. Arboi^, S. ArcelrP} A. ArencP} N. ArmestcP} 
R. ArnaldfSI T. AronssorPD I.C. Arsentp] M. Arslandokp] A. AsryartH ^ A A ugustinuJSE] R. AverbeckP} 
T.C. AweJS] j AystcjST] M D Azm fCD M. BacrP} A. BadalePD Y.W. BaelPJ^J R. BailhacheEH, R. BakJS 
R. Baldini FerrolfM A. BaldisserP} A. BaldiP} F. Baltasar Dos Santos PedrosEp} J. BarP} R.C. BaraP} 
R. Barbera^l R BarileEH, G.G. BarnafoldPl L.S. Barnby^ V. Barrel J. BartktPi] m. BasileEEl 
N. BasticPl S. BasiPO B. BatherPJ G. BatigneEE] B. Batyunytp] C. BaumanrP} I.G Bearderp] 

H. BeclP} I. Beliko\ED F. BellinP} R. BellwiecPI] E. Belmont-Moreno^ G. BencedP} S. BeoleEII 

I. BerceaniP-1 A. BercucPD Y. Berdniko\P] D. BerenyP} A.A.E. BergognorPS D. BerzancfS] L. Bete\P] 

A. BhasirP} A.K. BhatP} J Bhoi rffffl L. BianchP} N. BianchP} C. BianchirPl J. BielcSkP} 

J. Bielcfkova^] A. BilandzicPE] S^BielogrlicP} F. Blanco^, R BlanccP, D. BlaiP} C. BlumeP} 

M. BocciolP} N. BockP} S. BottgePJ A. Bogdanov22 H. B0ggilcpJ, M. BogolyubskyE], L. Boldizsa^l 

M. BombaraS] J. BoolP} H. BoreP} A. Borisso\E2] S. BoscP} F. BossiP} M. Botjtp] B. BoyeiEI] 

E. Braid ojp, P . Braun-MunzingeP} M. BreganP^ R BreitneiEl R.A. B rownin g^ M. Bro2p] R. BrurP} 

E. BrunaEM] G.E. BruncP} D. BudnikovEO, H. Buesching53 S. Bufalind^M] K. Bugaie\P O. BuscrPJ 

Z. ButhelezP} D. Caballero OrdunePS] D. Caffarrp] X. CaP} H. CaineP^, E. Calvo VillaiEQ P. CamerinP^, 

V. Canoa RomarPEI g. Cara RomecPI W. CareniPl R CareniP} N. Carlin FilhcP^ R CarminatPl 

C. A. Canillo MontoytPl A. Casanova Dfaz^, J. Castillo CastellanofpJ, j.r Castillo Hernandez^!, 
E.A.R. Casul^l V. CatanesciPJ C. CavicchiolP} C. Ceballos SanchezP, J. CepilaE] P. Cerellcp] 

B. Chan g ! 37 ' 123 I s. Chapeland^J.L. CharveP} S. ChattopadhyajP} S. ChattopadhyayE^ I. ChawlEp} 

M. CherneySS C. Cheshkov^ii^J B. CheyniP^, V. Chib ante BarroscPl D.D. ChinellatcPH, R Chochulip] 
M. ChojnackP} S. ChoudhuryEUD P. Christa koglou^^LI C.H. ChristenseiPEI p. Christianserp] T. ClnycPS 
S.U. ChunJp, C. CicalcP} L. Cifarelli^U^J p cindolcPI J. Cleymanfp] F. CoccettP, F. Colamari£pJ 

D. Colella^l G. Conesa BalbastrtP"! Z. Conesa del Vailed P. ConstantirPl G. ContirPl J.G ContrerafP, 
T.M. CormieiES] Y. Corrales Morales^} P. CorteseP} I. Cortes MaldonadcP, M.R. CosentincP] F. C ostal 
M.E. CotallcP, E. CrescicP, P. CrocheP} e. Cruz AlaniPH, E. CuautleSH, L. Cunqueird§S] A. DaineseSiM] 
H.H. DalsgaardS] A. Damp] D Dap ] I. DaJE] K. Dal^, S. Dasrp] A. DasrP^, S. DeSS] 

G. O.V. de BarrosEE] a. De CarcPlEI g. de CataldcP] J. de Cuvelancp] A. De FalcdS] D. De GruttolaES 

H. Delagrange^, A. DelofP^ V. Demanov^, N. De MarcJS E. DenesSH, S. De PasquakPS 

A. DeppmarPll G. D ErasmcPH R. de RooiH M.A. Diaz Corchercp] D. Di BarPH T. Diete PS 
S. Di LibertcPS] A. Di MaurcPH, P. Di Nezza^l R. Divip] 0. DjuvslancJS] A. Dobrir l 119 1 28 1 

T. DobrowolskfSHD p Dommgue2pS] B. DoniguJHH, O. DordiJUl O. DrigEpE] A.K. Dube>ES] R. Ducroux!^] 
P. Dupieuxp] M.R. Dutta MajumdaiiS] A.K. Dutta Maiumda^], D. Elia^, D. EmschermanrPa H. Eng eP-j 
H.A. ErdaiS] B. EspagnorJEl m. Estienne^HIl S. EsumfH} D. EvanJ22] q. Eyyubov£p3 D. FabrisPmf 
J. FaivreSS D. FalchierPH A. Fantoni^, M. FaseP^ R. FearickPD A. Feduno\fia D. Fehlke^, L. FeldkamrJS], 

D. Felea^] B. Fenton-OlserPH, G. Feofilo\EIl A. Fernandez Tellez^, R. FerrettSI] A. FerrettPIl J. FigiePll 
M.A.S. FigueredcPIl s. FilchagirPH D. Finogee\E] EM. Fionda^l E.M. Fiore^H, M. FlorisSH, S. Foertschp] 
P. FokiP] S. FokirPO E. Fragiacomd^] U. FrankenfelJH, U. FuchM C. Furgei^, M. Fusco GirarJl], 

J.J. Gaardh0j(PEl M. Gagliardi2H, A. Gago^, M. GallicPH D.R. Gangadhararf^, P. Gan otgS C. GarabatoJHH, 

E. Garcia-SoliM I. Garishvilp] J. Gerhard M. GermairPIl c. Geuna^l M. Gheata^2J A. Gheat£p] 

B. GhidiniS] P. GhoshES] p. Gianottp] M.R. Girarcfflll P. GiubellincP] R. Gladysz-Dziadus^ll R GlasseffH, 
R. GomeiSl] A. GonschiorSS, R.G. FerreirdE] L .H. Gonzalez- TruebiPS], P. Gonzalez-ZamorcP-1 S. Gorbuno\E] 
A. Goswamitl S. GotovacPl] V. GrabskPl L.K. Graczykowsk|DII R. GrajcarekP, A. GrelliEl 

A. Grigorafp] C. Grigoras^] V. Grigoriev^, A. GrigoryarPD s. Grigoryarp] B. Grinyo\E] N. GriorPH, 
P. GroPH, J.F Grosse-OetringhausPLI j..y. GrossiorcPli R. GrosscPHF. Gube^l R. GuernaneSS 

C. Guerra Gutierrez^] B. GuerzoniS], M. GuilbaucPl] K. Gulbrandserp] T. GunjPS], A. Gupta®} 

R. Gupta®], H. Gutbroja 0. HaalanciS] C. HadjidakiJS] M. Haiducp] H. HamagakiHIl G. Hama^, 

B. H. HaiPS, L.D. Hanratty^ A. H anserPp , Z. HarmanovaS] J.W. Harris^o] m. HartigSH, D. Hasegarp] 

D. Hatzifotiadoip], A. HayrapetyarPE2D s.T. HeckeP} M. HeideS H. HelstrupEI A. HergheleghPl 

G. Herrera Corral N. Herrmanrp] B.A. Hess^E] r.F Hetlancp] B. HicksEEl p.R. HilleEalB. Hippolyttp], 
T. HoraguchPS] y. HorJHIl R Hristo\P] I. HrivnacovaSS M. HuangEJ T.J. HumaniJS] d.S. Hwang2I] 



Measurement of charm production at central rapidity in proton-proton collisions at . 



17 



R. IchoiPLl R. nkae\EI, I. Ilki\EI] M. InabaEH] E. IncanP^, G.M. InnocentPH P.G. InnocentP^ 

M. Ippolito\H M. IrfarJS] C. IvarPTJ M. Ivano\PS V. Ivano\PS A. Ivano\PE] o. Ivanvtskyi^ 

A. JacholkowskP^, R M. JacobsP^ H.J. JangES S. JangaP^ MA. JanilPE] R. JanilPIl RH.S.Y. JayarathnaEE] 

S. JenaSS, D.M. JhiPS] R.T. Jimenez BustamanteSH, L. JirderPS RG. JoneM h. Jung^~J A. Juskd^, 

A.B. Kaidalo\E3, V. KakoyarP2, S. Kalche P^l P. KalinatP^, T. KalliokoskPH, A. KalweiP^, K. KanakP^ 

J.H. KangEH, V. KaplirP^, A. Karasu Uysa l 29 ' 122 ' O. Karaviche\PS T. Karavichev<PS E. Karpeche\PS 

A. Kazantse\H, U. KebschulPO R. KeideP^, P. KharP^ M.M. KharPH, s.A. KharPEO A. Khanzadee\P3 

Y. Kharlo\EH B. Kileng^S, M. KirrPS] S. KinPS D.J. KiirPH, B. KinPSI T. Kin PSI D W. KinPS] J.H. KiirPS 

J.S. KiirPS M.KinfSI s.H. KiirP^, s. KirscrP^, I. KisePH, S. Kisele\ED A. Kisie l 29 1 118 ' J.L. Kla>E J. KleirP^ 

C. Klein-BosinJS] M. KliemanPH, A. KlugeP^, M.L. KnicheP^, A.G Knospe^HH, K. KocrPS, M.K. KohleP^, 

A. KolojvarfHlI V. Kondratie\E3 N. KondratyevJ^, A. KonevskikrPS A. Kornee^ R. KouP^ 

M. KowalskfS S] S. K oxPS G. Koyithatta MeethaleveediP ^ J Kr aPH, I. KraliiP^, F. KrameP2] I. KrauJS] 

T. KrawutschkeESM], M. Krelinjfi} M. KretzSTJ M. KrivdiPM] F. KrizekPH, M. KruPH, E. KrysherPH, 

M. KrzewickP^, Y. Kucheriae\S c. KuhrP^, P.G. KuijeP^TJ I. Kulako\E2~J P. KurashvilP23 A. Kurepirjp, 

A.B. KurepirP^ A. KuryakirP^ V. KushpiPH S. KushpiP^, H. KvaernJETJ M.J. KweorP^, Y. KworpH, 

P. Ladron de Guevar<P3j. Lakomo\E2~J R. LangojE] S.L. La Pointed C. Lar£p2 A. LardeuxEZ] 

P. La RoccaE] C. LazzeronP^ R. Lea^S Y. Le BornecPS M. LechmarP^, S.C. LeeP^ K.S. Lee^O GR. LesP^ 

F. Lefevre^Il J. LehnerPS L. LeistarrP^ M. LenhardPI], V. LentPO H. Le6rP3 M. LeoncincP2 

I. Leon Mon zorpS ] H. Leon VargaP^ P. LevaP^ J. LierPS R. Lietav£p2~J S. LindaPZ] V. LindenstrutrPS] 

C. LippmanrPSMI, M.A. LisaEO L. LhfH] P.I. LoenneP^ V.R. Logging v. Logino\P^ S. LohrP^, 

D. LohneP3 C. Loizidesp2~J K.K. Loo^l X. Lopez^l E. Lopez Torre J^, G. L0vh0iderP3 X.-G. LiP^, 
P. LuettigES M. LunardorP3 J. LucP3 G. LuparellcPS L. LuquirP I] C. LuzzP^, R. MaES K. M<P2 

D.M. Madagodahettige-DorP3 A. MaevskayaEJ M. MagePHlO D.P MahapatrJOO A. MairePl~J M. Malae\P3 
I. Maldonado Cervantep] l. Malinin£pB0 D. Mal'KevicrP} P. MalzachePS A. Mamo no\E, L. Mancea JS 
L. Mangotr<PS V. Man kcP~J F. ManscP^ V. ManzarP^, Y. MacP3 M. Marchisone^ll, J. MareP2] 
GV. Margagliotti2SEH ; a. MargottfS] A. MarfrP^, c.A. Marin ToborP^, C. MarkerP^, I. MartashvilPEJ, 
P. MartinengcP] M.I. Martmez-Q A. Martinez Davalod^O G. Martin ez GarcfiPIl Y. Martyno\P} A. M aPyJ 
S. MasciocchfS] M. Maser a^J A. M asonP^, L. MassacrieJ 109 1 102 1 M. MastromarccPS A. Mastroserid 27 1 29 i 
Z.L. MatthewPS A. Matyj d 104 1 102 -< D. MayanP^ Q MayeitM], J. MazeiEI], M.A. MazzonPTJ F. MeddiS], 
A. Menchaca-Roch£p3, J. Mercado PereJ^J, M. Me rePU, Y. MiakePQ L. MilancPH J. MilosevicETJEl, 
A. MischkeEl, A.N. Mishra^l, D. MiskowieJ^EI c. MituPS] J. MlynarzSE] a.K. Mohant>E2 B. MohantySS] 
L. MolnafSTJ L. Montano Zetina^, M. Monteno^, E. MonteJZl T. MoorPS] M. MorandcPS] 

D. A. Moreira De GodoyHnil S. Moretto^], A. Morscrp], v. MucciforJS] E. MudnicPll s. MuhurfH^ 
M. MukherjeeSH] H. Malleoli M.G Munhozinil L. Mus£p3, A. Mussd^, B.K. Nandi^, R. Nania^H, 

E. NappPP, C. NattrasJDZ] 5 N p. Na umo\EI s. NavirP^, T.K. NayalffS] s. NazarenkcPS G. Nazaro\E3 
A. NedosekirP^, M.NiculescuPSHTJ b.S. NielserP^, T. NiidaP H] s. Nikolae\S, V. NikolicP^, V. NikulirP^ 
S. NikulirP^, B.S. NilserP^, M.S. NilssorP^, F. NoferinPIEl, P. Nomokono\P3, Q. NoorerP ^, N. NovitzkyE], 
A. NyanirP^, A. NyathaSS C. NygaarcP^, J. NystrancP^, A. Ochiro\pI], H. Oeschlei^fl S.K. OrP^, 

S. OrP2] j. OleniaczEI] C. OppedisancPI] A. Ortiz VelasquezSOHI G. Orton£p3, A. OskarssorP^, 

P. OstrowskPill^ j. OtwinowskPTJ, K. OyamiP3 K. OzawiffS], Y. PachmayeiES M. PachiCIl p Paddla^] 

P. PagancP, G. Paio^H, F. PainkeEH, C. Pajarep] s.K. PaP^O S. PaP^ A. Palaha^, A. PalmerPJ, 

V. PapikyarPD g.S. PappalardcP^, W.J. ParlP^] a. PassfelcP^, B. Pastircap] D.I. Patalakha^l, V. PaticchioS 

A. Pavlino\E3, T. Pawlal^, T. PeitzmanrP^, H. Pereira Da CostiPH E. Pereira De Oliveira FilhcPIl 

D. Peres unkcPJ , C.E. Perez Lar£p23, E. Perez Lezam£p3, D. PerinPO D. PerrincP^ W. PeryPIS], A. PescPH 

V. PeskodSiJ^-l, Y. Pesto\E V. PetracekPH, M. PetrarP3, M. PetrifPS P. PetrodM] M. PetrovicP^ C. PettaSIl 

S. PiancP3, A. PiccottPS M. PikniP^, P. PilloP^, o. PinazzeP^, L. PinskyES], N. Pit2p3 D.B. Piyarathn aP^ 

M. PloskorP3 J. PlutaEII x. Pocheptso\E^, S. PochybovaEO PL.M. Podesta-Lerma^, M.G. PoghosyarP^EH, 

K. PolalP^, B. PolichtchoulP3A PorPS, S. Porteboeuf-HoussaiJE] v. PospfsiP^, B. PotukuchP2 

S.K. Prasad^], R. PreghenelliPI^F. PrincPS C.A. PruneaiPE], I. PshenichnmPS, S. PuchagirPH G. PudduP^, 

J. Pujol TeixidcP3, A. PulvirentP^M] v. PunirP^ M. PutiP^, J. Putschke^J^J E. QuercigrP^, 

H. QvigstacP3, A. RachevskP^, A. Rademakerp], S. RadomskP^, T.S. RaihiP^, J. RalP^, 

A. RakotozanndrabePEl L. RamellcP^, A. Ramirez RevelR s. Raniwala^l R. Raniwala^l S.S. RiisanerP^, 

B. T. RascaniPH, D. RathesPH K.F. ReacPE], J.S. ReaP^, K. RedlicrPSSEII p. ReichelP^, M. ReicheiEl 
R. RenfordP2] A.R. ReolorP^, A. Reshetirp] F. RettiJIl, J.-P. RevoP^, K. Reyger P^, L. RiccatP^ 
R.A. RiccP^, T. RicherPH, M. RichteP3 p. RiedlePHw. RieglePS, F. RiggplEl 

B. Rodrigues Fernandes RabacaP^, M. Rodriguez CahuantzP} A. Rodriguez ManscPS K. R0ecP3, D. RohPH, 



18 



The ALICE Collaboration 



D. RohricbffS R. Romit£p~J, F. RonchetJSTJ, P. RosneP} S. RosseggeiEO A. RossPM] c. RoySD P. RmS, 
A.J. Rubio MontercP, R. RuPD E. RyabinkirPO, A. RybickfSS S. SadovskjE] K. SafanTp 9 ] R. Sahod^ 
PK. SahJS] J. SainPEl h. SakaguchP} s. Sakap] D. Sakata™ QA. SalgadcfEl J. SalzwedefETJ 
S. SambyaPD V. SamsonoyESJ X. Sanchez Castro^, L. SandoiEl A. Sandovaf^, M. SandHH, s. SancfDII 
R. SantcJSO r. SantorcPi22-EI, J. SarkamcPH E. ScapparonJ3 F. Scarlassar£p~J R.R ScharenbergEI 

C. Schiau^R. Schickel c. Schmidt H R. S chmidPE] s. Schreinei^, S. Schuchmanrp] J. SchukraffS] 
Y. Schutd 29 ! 102 !, K. SchwarJH, K. Schweda^^G. SciolfO E. Scomparin^, PA. Scotp ] R. ScotfDII 

G. SegatcPD I. SelyuzhenkovE] s. SenyukovESMl j. SecP, S. SercPJ E. SerradillaEES], A. SevcenccP], 

A. ShabetaPS] q. Shabratov£pO R. ShahoyarPD N. SharmaGH, S. SharmJS s. RohnffS K. ShigakPO 

M. ShimomuraSH] K. Shtejejp, Y. SibirialJ p, M Siciliancp] E. Sicking^, S. Siddhanta^, T. SiemiarczulPS 

D. SilvermyiES c. SilvestaPS G. SimatovicJSM] q. SimonettP} R. SingarajiPD R. Singrfp, S. SinghiPO 
V. Singhaff^, B.C. SinhaEI] T. Sinhep] B. SitafS] M. SittiPD T.B. Skaalf^M K. SkjerdaPl R. SmakaffD 
N. Smirno\G2D R j M Snellingp] C. S0gaard23 R. Solt2p} H. SorP} J. SonJS M. SonjSIl C Soop] 
F. Sorameff^ I. SputowskiPlfM. Spyropoulou-Stassinakf^, B.K. Srivastava^S J. Stache|£l I. StarPS 

I. StarPD G. StefanelPS t. SteinbeckEH M. SteinpreifPH e. StenluncP} G. SteyrPTJ J.H. Stilled, 

D. Stocccp2~J m. StolpovskiySa K. Strabykiiffll P. StrmenE] A.A.P. SuaideSSH, MA. Subieta Vasque2p] 

T. SugitateSD C. SuirJE] M. Sukhoruko\i3 R. SultanovES M. Sumber;f2~J T. Sus<p] A. Szanto de Toledo^, 

I. SzarkaS3, A. Szczepankiewic2pS A. SzostakP, M. SzymanskfOS j. TakahashPD J.D. Tapia Takak£3 

A. TaurcPll G. Tej eda MunozH A. TelescJ^, C. TerrevoliS] J. ThadejEH, D. Thomas^] r. TieulenP^ 

A.R. TimminffnSlD. TlustyS A. Toia^EII H. ToriJDII l. ToscancPS D. TruesdaleED W.H. T rzaska^l 

T. TsujlDII A. Tumkirm R. Tunisian, T.S. TveteJE TJ J Ul ery^l K. Ulla lancfB] J. Ulrich^M A. UrasEI] 

J. UrbanE] GM. Urciuolf^ G.L. UsaJSD M. Vajzei^ilHI M. Vala^LI L. Valencia PalomdE], S. VallercP] 

N. van der KoliP3, P. Vande VyvnPH, M. van LeeuwerPEI L. VannuccP} A. VargafP, R. VarmJE] 

M. VasileioiPS A. VasilievES] V. Vechernir/nil M. Veldhoei£S M. Venaruzz cPSI E. VercellirPH S. VergaraS 

R. VerneP, M. Verweip] L. VickovicPH q. ViestJ^O o. Vikhlyantsev^H Z. VilakazfH, 

O. Villalobos BaillieSnl L. Vinogradov^, y. Vinogradov ^, A. V inogradov^, T. Virgil^, YP ViyogfHS] 

A. Vodopyano\E3 K. Voloshirp] S. VoloshirfE 9 ] G. Volp d 27 I 29 [ B. von Hallei^ D, p. V ranicp] G. 0vrebekliP, 

J. VrlakovaE] B. Vulpescip] A. VyushiiJUl V. WagneP], B. Wag neJS] R. War pj39J M . WangS3 D. WangS3 

Y. WangE] Y. WangSS K. WatanabeDS M. Webe^, j.r WesselPM] u. Westerhofii] j. WiechulaEH, 

J. WikneQH, M. WildeS] G. WillPS] a. WilM\ J. WilkinsoJH, M.C.S. WilliamJ^II B. Windelbanc53, 

L. Xaplanteris KarampatsoJi2ll, C.G YalddHS] Y. YamaguchlHl] H. YangSH, S. YangE] s. Yasnopolskiy^ 

J. YP] Z. YirPD I.-K. YodS] J. YoorPIl w. YiPl X. Yuarl^l I. Yushmano\E] c. ZachE] C. Zampollill 

S. ZaporozhetJ^l A. Zai-ochentse\EI], P. Zavada^N. Zaviyalo\El H. ZbroszczykEH, P. Zelnicel^M 

I.S. ZguraSS M. Zh alov^ l H. ZhangS3 X. Zhang^mi F. ZhoiP3 D. ZhoJ3 Y. ZhoJS] X. Zhii^l J. ZhiP3 

J. Zhi53 A. ZichichiZEEl, A. Zimmermanrp], G. Zinovje\E Y. ZoccaratdEI] M. Zynovye\12 M. ZyzalJ3 



Affiliation notes 

I Also at: M.V.Lomonosov Moscow State University, D.V.Skobeltsyn Institute of Nuclear Physics, Moscow, 
Russia 

II Also at: "Vinca" Institute of Nuclear Sciences, Belgrade, Serbia 



Collaboration Institutes 

1 Benemerita Universidad Autonoma de Puebla, Puebla, Mexico 

2 Bogolyubov Institute for Theoretical Physics, Kiev, Ukraine 

3 Budker Institute for Nuclear Physics, Novosibirsk, Russia 

4 California Polytechnic State University, San Luis Obispo, California, United States 

5 Centre de Calcul de 1TN2P3, Villeurbanne, France 

6 Centra de Aplicaciones Tecnologicas y Desarrollo Nuclear (CEADEN), Havana, Cuba 

7 Centra de Investigaciones Energeticas Medioambientales y Tecnologicas (CIEMAT), Madrid, Spain 

8 Centra de Investigacion y de Estudios Avanzados (CINVESTAV), Mexico City and Merida, Mexico 

9 Centra Fermi - Centra Studi e Ricerche e Museo Storico della Fisica "Enrico Fermi", Rome, Italy 

10 Chicago State University, Chicago, United States 

11 Commissariat a FEnergie Atomique, IRFU, Saclay, France 

12 Departamento de Fisica de Partfculas and IGFAE, Universidad de Santiago de Compostela, Santiago de 
Compostela, Spain 



Measurement of charm production at central rapidity in proton-proton collisions at . 



19 



13 Department of Physics Aligarh Muslim University, Aligarh, India 

14 Department of Physics and Technology, University of Bergen, Bergen, Norway 

15 Department of Physics, Ohio State University, Columbus, Ohio, United States 

16 Department of Physics, Sejong University, Seoul, South Korea 

17 Department of Physics, University of Oslo, Oslo, Norway 

18 Dipartimento di Fisica dell' Universita and Sezione INFN, Cagliari, Italy 

19 Dipartimento di Fisica dell' Universita and Sezione INFN, Padova, Italy 

20 Dipartimento di Fisica dell' Universita and Sezione INFN, Trieste, Italy 

21 Dipartimento di Fisica dell' Universita and Sezione INFN, Bologna, Italy 

22 Dipartimento di Fisica dell' Universita 'La Sapienza' and Sezione INFN, Rome, Italy 

23 Dipartimento di Fisica e Astronomia dell' Universita and Sezione INFN, Catania, Italy 

24 Dipartimento di Fisica 'E.R. Caianiello' dell' Universita and Gruppo Collegato INFN, Salerno, Italy 

25 Dipartimento di Fisica Sperimentale dell' Universita and Sezione INFN, Turin, Italy 

26 Dipartimento di Scienze e Tecnologie Avanzate dell' Universita del Piemonte Orientale and Gruppo 
Collegato INFN, Alessandria, Italy 

27 Dipartimento Interateneo di Fisica 'M. Merlin' and Sezione INFN, Ban, Italy 

28 Division of Experimental High Energy Physics, University of Lund, Lund, Sweden 

29 European Organization for Nuclear Research (CERN), Geneva, Switzerland 

30 Fachhochschule Koln, Koln, Germany 

31 Faculty of Engineering, Bergen University College, Bergen, Norway 

32 Faculty of Mathematics, Physics and Informatics, Comenius University, Bratislava, Slovakia 

33 Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Prague, 
Czech Republic 

34 Faculty of Science, P.J. Safarik University, Kosice, Slovakia 

35 Frankfurt Institute for Advanced Studies, Johann Wolfgang Goethe-Universitat Frankfurt, Frankfurt, 
Germany 

36 Gangneung-Wonju National University, Gangneung, South Korea 

37 Helsinki Institute of Physics (HIP) and University of Jyvaskyla, Jy vaskyla, Finland 

38 Hiroshima University, Hiroshima, Japan 

39 Hua-Zhong Normal University, Wuhan, China 

40 Indian Institute of Technology, Mumbai, India 

41 Indian Institute of Technology Indore (IIT), Indore, India 

42 Institut de Physique Nucleaire d'Orsay (IPNO), Universite Paris-Sud, CNRS-IN2P3, Orsay, France 

43 Institute for High Energy Physics, Protvino, Russia 

44 Institute for Nuclear Research, Academy of Sciences, Moscow, Russia 

45 Nikhef, National Institute for Subatomic Physics and Institute for Subatomic Physics of Utrecht University, 
Utrecht, Netherlands 

46 Institute for Theoretical and Experimental Physics, Moscow, Russia 

47 Institute of Experimental Physics, Slovak Academy of Sciences, Kosice, Slovakia 

48 Institute of Physics, Bhubaneswar, India 

49 Institute of Physics, Academy of Sciences of the Czech Republic, Prague, Czech Republic 

50 Institute of Space Sciences (ISS), Bucharest, Romania 

51 Institut fur Informatik, Johann Wolfgang Goethe-Universitat Frankfurt, Frankfurt, Germany 

52 Institut fiir Kernphysik, Johann Wolfgang Goethe-Universitat Frankfurt, Frankfurt, Germany 

53 Institut fiir Kernphysik, Technische Universitat Darmstadt, Darmstadt, Germany 

54 Institut fiir Kernphysik, Westfalische Wilhelms-Universitat Miinster, Munster, Germany 

55 Instituto de Ciencias Nucleares, Universidad Nacional Autonoma de Mexico, Mexico City, Mexico 

56 Instituto de Fisica, Universidad Nacional Autonoma de Mexico, Mexico City, Mexico 

57 Institut of Theoretical Physics, University of Wroclaw 

58 Institut Pluridisciplinaire Hubert Curien (IPHC), Universite de Strasbourg, CNRS-IN2P3, Strasbourg, 
France 

59 Joint Institute for Nuclear Research (JINR), Dubna, Russia 

60 KFKI Research Institute for Particle and Nuclear Physics, Hungarian Academy of Sciences, Budapest, 
Hungary 

61 Kirchhoff-Institut fiir Physik, Ruprecht-Karls-Universitat Heidelberg, Heidelberg, Germany 

62 Korea Institute of Science and Technology Information, Daejeon, South Korea 



20 



The ALICE Collaboration 



63 Laboratoire de Physique Corpusculaire (LPC), Clermont Universite, Universite Blaise Pascal, 
CNRS-IN2P3, Clermont-Ferrand, France 

64 Laboratoire de Physique Subatomique et de Cosmologie (LPSC), Universite Joseph Fourier, CNRS-IN2P3, 
Institut Polytechnique de Grenoble, Grenoble, France 

65 Laboratori Nazionali di Frascati, INFN, Frascati, Italy 

66 Laboratori Nazionali di Legnaro, INFN, Legnaro, Italy 

67 Lawrence Berkeley National Laboratory, Berkeley, California, United States 

68 Lawrence Livermore National Laboratory, Livermore, California, United States 

69 Moscow Engineering Physics Institute, Moscow, Russia 

70 National Institute for Physics and Nuclear Engineering, Bucharest, Romania 

71 Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark 

72 Nikhef, National Institute for Subatomic Physics, Amsterdam, Netherlands 

73 Nuclear Physics Institute, Academy of Sciences of the Czech Republic, Rez u Prahy, Czech Republic 

74 Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States 

75 Petersburg Nuclear Physics Institute, Gatchina, Russia 

76 Physics Department, Creighton University, Omaha, Nebraska, United States 

77 Physics Department, Panjab University, Chandigarh, India 

78 Physics Department, University of Athens, Athens, Greece 

79 Physics Department, University of Cape Town, iThemba LABS, Cape Town, South Africa 

80 Physics Department, University of Jammu, Jammu, India 

81 Physics Department, University of Rajasthan, Jaipur, India 

82 Physikalisches Institut, Ruprecht-Karls-Universitat Heidelberg, Heidelberg, Germany 

83 Purdue University, West Lafayette, Indiana, United States 

84 Pusan National University, Pusan, South Korea 

85 Research Division and ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum filr 
Schwerionenforschung, Darmstadt, Germany 

86 Rudjer Boskovic Institute, Zagreb, Croatia 

87 Russian Federal Nuclear Center (VNIIEF), Sarov, Russia 

88 Russian Research Centre Kurchatov Institute, Moscow, Russia 

89 Saha Institute of Nuclear Physics, Kolkata, India 

90 School of Physics and Astronomy, University of Birmingham, Birmingham, United Kingdom 

91 Section Ffsica, Departamento de Ciencias, Pontificia Universidad Catolica del Peru, Lima, Peru 

92 Sezione INFN, Trieste, Italy 

93 Sezione INFN, Padova, Italy 

94 Sezione INFN, Turin, Italy 

95 Sezione INFN, Rome, Italy 

96 Sezione INFN, Cagliari, Italy 

97 Sezione INFN, Bologna, Italy 

98 Sezione INFN, Bari, Italy 

99 Sezione INFN, Catania, Italy 

100 Soltan Institute for Nuclear Studies, Warsaw, Poland 

101 Nuclear Physics Group, STFC Daresbury Laboratory, Daresbury, United Kingdom 

102 SUBATECH, Ecole des Mines de Nantes, Universite de Nantes, CNRS-IN2P3, Nantes, France 

103 Technical University of Split FESB, Split, Croatia 

104 The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland 

105 The University of Texas at Austin, Physics Department, Austin, TX, United States 

106 Universidad Autonoma de Sinaloa, Culiacan, Mexico 

107 Universidade de Sao Paulo (USP), Sao Paulo, Brazil 

108 Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil 

109 Universite de Lyon, Universite Lyon 1, CNRS/IN2P3, IPN-Lyon, Villeurbanne, France 

110 University of Houston, Houston, Texas, United States 

1 1 1 University of Technology and Austrian Academy of Sciences, Vienna, Austria 

1 12 University of Tennessee, Knoxville, Tennessee, United States 

113 University of Tokyo, Tokyo, Japan 

114 University of Tsukuba, Tsukuba, Japan 

1 15 Eberhard Karls Universitat Tubingen, Tubingen, Germany 



Measurement of charm production at central rapidity in proton-proton collisions at . 



21 



116 Variable Energy Cyclotron Centre, Kolkata, India 

117 V. Fock Institute for Physics, St. Petersburg State University, St. Petersburg, Russia 

118 Warsaw University of Technology, Warsaw, Poland 

119 Wayne State University, Detroit, Michigan, United States 

120 Yale University, New Haven, Connecticut, United States 

121 Yerevan Physics Institute, Yerevan, Armenia 

122 Yildiz Technical University, Istanbul, Turkey 

123 Yonsei University, Seoul, South Korea 

124 Zentrum fur Technologietransfer und Telekommunikation (ZTT), Fachhochschule Worms, Worms, 
Germany 



